The aim of this work was to investigate antimicrobial action of tea tree oil (TTO) 
Introduction
Among the array of microbial diseases, urinary tract infection (UTI) is a serious health problem that affects millions of people worldwide each year. UTI is a common ailment that exceeds in frequency among ambulatory patients only by respiratory and gastrointestinal infection. W.H.O has described UTI as one of the major infectious disease having huge economic impact. Women are more prone to UTI than men. Panda et al. (1966) observed that incidence of infection has been greater in females, between the age group of 21-40 years. In males, the highest incidence was found in the age group of 31-40 years. At the latter end of life, UTI becomes increasingly common, reaching to about 30% of the population. The rising prevalence is attributed to prolapsed and prostatism.
The main causative agents of UTI are of bacterial and fungal origin. Most UTI's in children are monomicrobic caused by Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Proteus vulgaris, P. mirabilis and coagulase negative Staphylococcus aureus. UTI may also be caused by Group B Streptococci species and fungi Candida albicans. Chlamydia and Mycoplasma species are known to cause UTI in both men and women. The nosocomial route for acquiring UTI is reported as one of the most important routes.
The discovery, development and clinical use of antibiotics and a number of structurally diverse, highly effective antimicrobial agents helped in combating the UTI infections. However, paralleled to this, there has been an alarming increase in bacterial resistance to existing agents. The problem of antimicrobial resistance is mainly due to the reason that R-plasmid carrying strains have suddenly appeared and with their arrival, high level of resistance to several antibiotics have been encountered. Drug resistant plasmids are widely distributed in clinical bacterial isolates and consequent inheritance of multiple antibiotic resistances by these strains can severely impede the quick and easy treatment of bacterial infection. The prevalence of antimicrobial resistance in both, outdoor and hospital patients with UTI is increasing and can vary according to geographical and regional location (Mathai et al., 2001; Karlowsky et al., 2001) .
In view of this, the need to find novel, reliable and effective antiuropathogenic agents is necessary and the less explored area of phytochemicals is a promising field. Therefore there is a scope for using methods of treatment which has a natural or green image. One such possibility is the use of essential oil of Melaleuca alternifolia (tea tree oil). Melaleuca alternifolia oil (Tea tree oil) is a natural product with strong antibacterial, antifungal, and anti-inflammatory activity. Tea tree oil (TTO) has many medicinal values and even fights organisms that are resistant to antibiotics. TTO happens to be an excellent home remedy for bacterial and fungal skin ailments, and also in relieving muscle and joint pain. Tea tree oil has shown early promise as effective against controlling the growth of a wide variety of bacteria, including some drug resistant strains. The present study was undertaken to understand the extent of the efficacy of the EO.
The pharmacological screening of TTO was carried out against the pathogens isolated from UTI patients. The phytochemical analysis of TTO was carried out using Gas Chromatography-Mass Spectroscopy (GC-MS) technique. GC-MS studies revealed the presence of α-terpinen-4-ol, linalool and α-terpineol that are responsible for its antimicrobial and antifungal activity.
II.
Materials And Methods
Collection of Uropathogens
In the present study, 182 urinary isolates were collected from various Pathology laboratories of Nagpur, India. The cultures were maintained on Trypticase Soya Agar (M990) and stored at 4˚C.
Reference Cultures
The 
Collection of Antimicrobial Agents
The essential oil of Melaleuca alternifolia was procured from Dr. Urjita Jain's Forest Herbals Pvt. Ltd. Mumbai. Antibiotics with varying concentrations were supplied by Hi-media Laboratories, Mumbai.
Antibiotic Susceptibility Testing
Antibiogram of the urinary isolates was done by Kirby -Bauer's method using antibiotic discs of Ampicillin (10mcg), Kanamycin (30mcg), Streptomycin (10mcg), Tobramycin (50mcg), Norfloxcacin (10mcg), Co-trimoxazole (25mcg), Chloramphenicol (30mcg), Colistinmethane sulphonate (100mcg), Gentamycin (10mcg), Nalidixic acid (30mcg), Trimethoprim (5mcg), Tetracycline (100mcg), Amoxycillin (30mcg), Cephatoxime (30mcg). The results were interpreted as per Clinical and Laboratory Standards Institute CLSI, 2005 recommendations.
Antimicrobial Activity of Essential Oils
A commercial preparation of M. alternifolia of unknown concentration but potentially as high as 100% was obtained from Urjita Jain's Herbal Laboratory and subjected for antiuropathogenic activity using the paper disc diffusion method (Kirby and Bauer, 1966) . For this, sterilized blank Whatman filter paper discs of size 6mm were used. These discs were impregnated with essential oil (TTO) for 20 minutes and kept in slanted position so as to drain off excess oil. These discs were later weighed and amount of oil per disc was fixed at 15mg. A lawn culture of test strain on Mueller-Hinton agar was exposed to the discs of oil. The discs were placed in the centre of the plate. All the plates were kept in refrigerator for a period of 30 minutes to facilitate diffusion and then incubated at 37˚C for 24 hrs. After incubation, results were noted by measuring zone of growth inhibition in mm using zone reader and average values of three replicates were calculated for each isolate and recorded. The oil was also assayed for MIC determination using broth microdilution method.
Gas Chromatography and Mass Spectroscopy (GC-MS) Studies
The GC-MS studies were performed using Shimadzu QP-2000 GC/MS instrument at 70eV (unless otherwise specified) equivalent to OV-1, fused silica capacity -0.25 mm X 50 M with film thickness -0.25 micron. The entry on the GC-MS trace such as 100-6-10-250 means that the initial temperature was 100˚C for 6 min and then heated at the rate of 10˚C per minute to 250˚C. Carrier gas (helium) flow: 2ml per minute. Identification of GC-MS spectra is based on the direct comparison of Kovates index and mass.
Minimum Inhibitory Concentration (MIC) of Tea Tree Oil
The MIC of TTO against uropathogens was determined by using micro broth dilution method (Mann and Markham, 1998).
Materials
96 well (88mmx125mm) (U shaped bottom) micro titre plate (laxbro), Tween 20 or Tween 80 emulsifier, Nutrient broth (NB) and Mueller-Hinton broth (MHB).
Preparation of Inoculums
One or two morphologically similar colonies were selected and aliquot was transferred to a test tube containing nutrient broth and incubated at 37˚C for 4hrs. The density of the suspension was standardized by McFarland 0.5 standard.
Procedure
The microdilution was performed in 96 well microtitre plates with U-shaped bottom.
For testing non-water soluble Tea tree oil it was necessary to incorporate suitable emulsifier. Tween 80 and Tween 20 was used (Beyleir, 1979; Walsh and Longstaff, 1987; Patkar et al., 1993; Chand et al., 1995b) . This emulsifier showed good miscibility with Tea tree oil. 5% Tween 20 emulsifier base was prepared in MHB. In this 5% solution of M. alternifolia was prepared. For microdilution, 200µl of stock solution of M. alternifolia (Tea tree oil) was first transferred to the first column of microtitre plate (Well A to H). 100µl of MHB was transferred into all the wells of column 2 to 10. Afterwards, stock solution of Tea tree oil was subjected to two-fold serial dilution ranging from 5% to 0.00976563%, from 2 nd to 10 th well. Column 11 th and 12 th were kept as negative and positive control respectively. 5µl of test culture comprising to a cell density of 0.5 McFarland Scale was added to the wells from 1 st to 10 th well and into 12 th well. Plates were sealed, placed in plastic bags and incubated at 37 0 C for 24 hrs. And MIC was recorded as the lowest percentage of essential oil that exhibited no growth by usual reading. Same procedure was repeated for all the bacterial isolates. MIC is expressed as the highest dilution which inhibited growth, judged by lack of turbidity in the well, observed visually with aid of a reading mirror.
III.
Results And Discussions
Consortium of Uropathogens
Out of the 182 clinical isolates of Uropathogens the most prevalent Uropathogen found in the consortium was E. coli 39% followed by P. aeruginosa 19%, K. pneumoniae 16%, P. vulgaris 10%, S. aureus 9%, P. mirabilis 7%. The results were congruent to those reported by others. Ronald (2003) observed that the E. coli is the predominant uropathogen followed by Staphylococcs, Klebsiella and Proteus species. Vignesh et al., (2008) reported that E. coli was the most common etiological agent of UTI followed by P. aeruginosa and Klebsiella. These observations were also supported by the study of Pitout et al., (2005) 
Antibiotic Response of Uropathogens
The antibiotic resistance patterns of the clinically isolated uropathogens are presented in Table- 
Proteus mirabilis and Proteus vulgaris
Out of 12 strains of Proteus mirabilis, high resistance was recorded against Ampicillin 75% followed by Streptomycin 50%, Tobramycin 41%, Kanamycin 41%, Co-trimethoprim 58.8%, Nalidixic acid 41.6% and Cephatoxime 25%.
Out of 19 strains of Proteus vulgaris, a maximum of 78% isolates were found to be resistant to Ampicillin, 52.6% against Chloramphenicol, 47.9% against Streptomycin and 47% against Tetracycline.
Resistance of these uropathegnic cultures were compared with reference culture Proteus mirabilis (MTCC 425) Proteus vulgaris (MTCC 425).
The studies reported by many scientists mention that Proteus species was the third commonest type of organism from patient with UTI. Furthermore, Proteus mirabilis is the commonest type (8.1%), followed by P. vulgaris (5.4%) ( It is clear from the existing literature as well as the present study that the resistance of Proteus species to variety of antibiotics is increasing all the time. Thus, these results do highlight the necessity for further investigations and a continuous monitoring of the efficiency of various antibiotics for management of the UTI.
Klebsiella pneumoniae
The K. pneumoniae isolates also showed widespread multidrug resistance against the selected antibiotics. Out of 30 clinical isolates more than 50% isolates were resistant to Ampicillin (63.3), Streptomycin (53.3), Co-trimethoprim (53.3%), Tetracyclin (50%). The antibiotic pattern was also compared with reference culture K.pneumoniae (MTCC 432).
Similar results, however with slight differences in the percentage of multidrug resistance pattern of K.pneumoniae was reported by Panda et al. (1966) .
Mohammad Akram et al. (2007) observed in his study that 75% of K.pneumoniae isolates were resistance to Ampicillin which almost coincides with our findings. Furthermore, Naber et al. (1987) , and Akram et al. (2007) support the observation that Klebsiella species constitute the second most common organism isolated from UTI.
Pseudomonas aeruginosa
Out of 35 clinical isolates of P. aeruginosa, 80% were highly resistant to Ampicillin, followed by Chloramphenicol 57.1%, Tetracyclin 57.1% Gentamycin 51%, Kanamycin 48%, Sulphamethxazole 57.1% and Colistin 68.5%.
Chamber and Sande (1995) observed that P. aeruginosa was highly resistant to Kanamycin. Schassan in 1996 reported that 46.4% strains of P. aeruginosa were resistant to Kanamycin. Our results show 48.5 % resistance to P. aeruginosa. Our results were congruent to these findings.
Staphylococcus aureus
Highest percentage (87.5%) of the isolates of S. aureus showed resistance to Ampicillin. >50% S. aureus strains showed resistance against majority of the selected antibiotics with exceptions being Nitrofurantoin and Norfloxacin. The above values are similar to reference culture of S. aureus (MTCC96 
Gas Chromatography -Mass Spectrometry
Gas Chromatography -Mass Spectrometry (GC-MS) study was done to identify (qualitative estimation) different types of compounds present in TTO. The list of compounds identified with their corresponding retention time is presented in Table- 3.3.1. The Mass Spectra of Melaleuca alternifolia is showed in Fig's 3.3.1 to 3 .3.5. The Compounds Limonene, γ-Terpinene, α-Terpinene, Cineol, α-Terpinolene, are responsible for antimicrobial and antifungal activities. Identification is based on the direct comparison of Kovates index and mass Spectra.
Melaleuca alternifolia has the ability to kill a wide range of medically important micro-organisms, which was experimentally proved and confirmed with results of Shapiro et al., 1994; Carson et al, 1995; Hammer et al., 1996. α-terpinen-4-ol, linalool and α-terpineol are lipophilic monterpenes and the major active antimicrobial components of Melaleuca alternifolia Riley, 1995, 1994; Kim et al, 1995; Raman et al., 1995) . Carson and Riley (1995) identified the components of M. alternifolia active against bacteria and yeast. Furthermore, Walsh et al., (1987) and Hammer et al.,(1996) studied the antimicrobial properties of M. alternifolia and reported the data of susceptibility of a wide range of bacteria. 
Susceptibility of Melaleuca alternifolia against Uropathogens
The antimicrobial activity of Tea Tree oil against isolated uropathogens was determined by measuring the zone of inhibition (ZOI) of uropathogens. The results revealed that maximum ZOI of 20±2 mm was recorded with the oil of M.alternifolia. The encouraging results indicate that the essential oil might be exploited as natural antimicrobial for the treatment of diseases caused by uropathogens could be useful in understanding the relations between traditional cures and current medicines.
Minimum Inhibitory Concentration (MIC) of Melaleuca alternifolia
The result of MIC determination using M.alternifolia oil indicted that minimum concentration of 0.03% (v/v equivalent) was effective against majority of micro-organisms (Cosentino et al., 1999; Faleiro et al., 2002) , such as P. vulgaris (0.03%) (v/v equivalent), P.mirabilis (0.038%) (v/v equivalent) and E.colli (0.031%) (v/v equivalent). However, the MIC for organisms, such as S. aureus, K. pneumonia are 0.25% (v/v equivalent) and 0.075% (v/v equivalent) for M.alternifolia oils which were similar to the findings of (Gustafson et al., 1998 The range of values in the literature reflects the differences in media composition, methodology and strains of bacteria used. The MIC results are represented in Table 3 .5.1. The growth of P. aeruginosa was inhibited by terpinen-4-ol only but is very negligible in previous work using the same disc diffusion method whole oil failed to inhibit the growth of P. aeruginosa (Carson and Riley, 1994). The essential oil of Melaleuca alternifolia has had a long history of use as a topical antiseptic. Its activity against a range of bacteria and fungi has been the subject of many studies (Penfold and Grant, 1925; Walsh and Longstaff, 1987; Southwell et al., 1993; Carson et al., 1995; Hammer et al., 1996) . Oil composition is variable but comprises about 50% oxygenated monoterpenes and 50% terpene hydrocarbon, with the principle active component being terpinen-4-ol (Southwell et al., 1993) .
The MIC result obtained in this study provides valuable information regarding the use of essential oil to control the growth of various uropathogenic microorganisms including the important class of uropathogens.
However, further optimization studies are warranted to delineate the guidelines for their direct therapeutic use addressing different disease conditions.
IV. Conclusion
The findings of this study demonstrated an increase in the prevalence of resistance to a number of third generation antibiotics at an alarming level. This increased resistance of uropathogens is a matter of concern globally. Hence continuous monitoring of antibiotic susceptibility testing should be made mandatory to improve the empirical treatment.
In light of this a paradigm shift in the treatment of uropathogens is necessary to prevent antibiotics becoming obsolete, and where appropriate, alternative to antibiotic ought to be considered. The present study confirmed antimicrobial properties of essential oil of M. alternifolia. The oil shows promise as a broad spectrum antibacterial agent against Uropathogenic E. coli, which is the most common etiological agent and hence detailed study on this oil needs to be investigated as natural antibiotic.
